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EXPERIMENTAL PRODUCTION OF APICAL LESIONS
OF TEETH IN MONKEYS, AND THEIR RELA-
TION TO SYSTEMIC DISEASE*
HAROLD GENVERT, HENRY MILLER, AND CASPAR G. BURN
In an investigation designed to determine the relation of apical
infections of teeth to systemic disease, one important phase of the
program was a correlation of the bacteriological, roentgenological,
and anatomical findings of the teeth with the clinical course and the
lesions observed in man at post mortem. Details of the methods
used and some of the results have been published by Burket.'
Studies were also made in healthy, mature monkeys whose teeth
were infected either by exposing the pulp canal to the oral flora or
by sealing known strains of organisms into the pulp chamber. The
clinical course and the development of the dental lesions were fol-
lowed forvariouslengths of time; theprocedure used for the exam-
ination of the teeth and organs at necropsy was that used with man.
Fifteen monkeys were used in these experiments. The teeth
of 11 animals had had the pulp exposed to the oral cavity; in 4
monkeys known bacteria were introduced into the pulp chambers.
The material studied consisted of 98 roots from 56 teeth with pulp
exposure, and 22 roots from 13 teeth in which bacterla had been
sealed into the pulp. Controls consisted of 18 roots from 16 teeth
that had not been operated upon. In 10 teeth with single roots,
sterile saline was introduced into the pulp chamber; these served
as controls for the operative procedure. From 8 to 15 teeth of a
single animal were included in an experiment.
Methods and materials
Healthy, mature monkeys (Macacus rhesus), weighing from 10
to 15 pounds and with normally calcified root apices, were selected
for these studies. Daily afternoon temperatures were taken, and
frequent blood cultures, blood counts, blood sedimentation rates, and
bacteriological tests were made for several weeks, until the findings
were fairly consistent. The pulp chambers of the teeth were then
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exposed by either small or wide openings with as litde trauma to
the pulp as possible. From 4 to 12 teeth in each monkey were
operated upon in this manner and studied over varying time inter-
vals. In a few animals the pulp was removed aseptically and the
cavity sealed; then, after an interval of 6 days, the canal was again
opened and a suspension of Streptococcus viridans introduced. Some
of the teeth were sealed with amalgam, but because of its possible
bactericidal effect a thin plate of a non-bactericidal metal alloy was
inserted between the amalgam and the pulp chamber. Other teeth
were subjected to a similar operative procedure with sterile saline
being introduced instead of the bacterial suspension.
The laboratory tests mentioned above were continued daily post-
operatively for at least 5 to 10 days, and less frequendy thereafter.
The monkeys were killed by ether anesthesia, and gross, roentgeno-
logical, bacteriological, and histological examinations were made of
the teeth.' Postmortem bacteriological examinations were also made
of the blood and viscera of each animal.
Aerobic and anaerobic methods were employed for the bacterio-
logicalobservations. Venousbloodtakenduringlife,andheartblood
post mortem, were introduced into broth, meat media, and deep
pour plates. Cultures of the teeth, viscera, gingivae, and intestines
were inoculated on surface blood-agar plates and into meat media.
Serological and skin tests were made with all strains of Streptococcus
,iridans that were isolated from the blood, oral cavity, or teeth.
The procedure used in the routine sedimentation-rate determination
was that described byWeiss.5
Results
Of the 56 teeth with pulp exposed to the oral cavity, 42 (75
percent) ofthe teeth and 65 (66 percent) ofthe rootapices showed,
histologically, inflammatory processes. A cellular exudate was
found atthe apices in 22 (34 percent), abscesses in 37 (57 percent),
andgranulomas in 6 (7 percent) (Fig. 1). More chronic histologi-
cal manifestations were found at the apices of the roots in some of
the teeth-cysts in 5, and fistulas in 4 (Fig. 2). Polypi extending
from the proximal tooth into the maxillary sinus or nares (Fig. 3)
were found in 3 monkeys. Of 93 roots, the pulps were either com-
pletely absent or necrotic in 65 root canals, they contained a cellular
exudate of polymorphonuclear cells in 23, and abscesses in 5 (Fig.
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4). Only one of the apical areas of the 28 roots with an exudate or
abscess in the pulp showed an early inflammatory reaction.
The time intervals between the exposure of the teeth and ter-
mination of the experiment varied from 3 to 400 days. First evi-
dence of histological change in the peri-apical tissues appeared in the
teeth that had been exposed for from 30 to 40 days. Abscesses,
granulomas, cysts, etc. were more frequent at the end of the roots
of teeth with exposure of the pulp for over 100 days. The histo-
logical changes varied at the ends of the different roots of the same
tooth, although the time of exposure of the pulp to the oral cavity
obviously was the same. One root, for example, might show a
slight cellular exudate and another might have a granuloma at its
apex. Of the 14 teeth without lesions in the peri-apical tissues, 5
(35 per cent) had been exposed to the oral cavity for less than 37
days, whil\e 9 (65 per cent) were exposed as long as from 60 to
227 days without the development of any inflammatory reaction.
The pulps of the teeth exposed for a brief period showed a change
characterized by a slight necrosis or slight cellular exudate, while
the teeth with a longer exposure usually showed a more chronic
inflammatory process characterized by a localized abscess or diffuse
fibrosis with blue-staining granules of calcium throughout.
Other factors undoubtedly contributed to the variation in the
type of lesions and in their rate of formation. Roentgenological
changes were observed to develop more rapidly in some monkeys
than in others. Likewise, certain monkeys showed a tendency to
develop a more chronic type of inflammatory process, as manifested
by granulomas, cysts, or fistulas, while others had a tendency to
develop a suppurative type of reaction in the peri-apical tissues.
Cultures considered to be representative of the peri-apical tissues
were taken from 47 of 56 teeth. Of these, 27 (59 per cent) were
positive for organisms at one or more of their root apices. Of
cultures taken from 60 root apices, 35 (58 per cent) were positive.
Six (7 per cent) of the positive roots showed no histological change
at their apices, even though they had been exposed to the oral
cavity for 97 days or longer. On the other hand, there were 25
root apices bacteriologically negative, of which 19 (76 per cent)
showed lesions at their apices. Five of the 25 root apices were both
bacteriologically and histologically negative, but they had been
exposed to the oral cavity for less than 30 days.
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The incidence of the kinds of organisms isolated in pure and
mixed cultures from the root apices is shown in Table 1.
TABLE 1
INCIDENCE OF THE DIFFERENT KINDS OF BACTERIA IN PURE AND MIXED CULTURE
FROM THE 35 ROOT APICES
Total Pure Mixed
Streptococcus viridans ................................... 24 11 13
Streptococcus non-hemolyticus......................'. 9 1 8
Streptococcus hemolyticus .................................... 5 0 5
Staphylococci ............... ....................9 2 7
Bacillus coli . .................................... 8 1 7
Diphtheroids ............... .................... I I 0
Non-hemolytic streptococci were recovered from 92 per cent of
the apical lesions of the exposed teeth. Other organisms, including
Streptococcus hemolyticus, were obtained less frequently and were
usually in association with the non-hemolytic streptococcus.
Roentgenological findings post mortem revealed diffuse or local-
ized radiolucent areas at the apices of 27 of 54 teeth. Of 93 roots,
33 (36 per cent) were radiographically positive and 60 were with-
out change. Histologically, 23 of the 33 radiographically positive
teeth showed abscesses at their apices, 7 showed cellular exudate,
and 3 showed granulomas. Of the 60 radiographically negative
roots, 30 showed histological changes in the peri-apical tissues. The
high -frequency of radiographically negative roots showing tissue
change may possibly be accounted for by the position of the tooth in
-the mouth, for 23 (76 per cent) of the 30 radiographically negative
roots were located in the maxilla and only 7 in the mandible. Fur-
thermore, 25 (85 per cent) were posterior teeth situated either in
the maxilla or mandible. On the other hand, 23 (70 per cent) of
the radiographically positive teeth were located in the mandible,
and 19 (57 per cent) were posterior teeth. The low flat palate of
the monkey prevents satisfactory exposures of the posterior teeth.
The earliest change seen by x-ray was at the apex of a tooth exposed
for 35 days.
Changes observed in the teeth during the postoperative course
may be indicated as a slight mobility of the teeth in 20, buccal or
lingual swellings in 11, fistulae in 5, and displacements from normal
position in 2. Mobility could be demonstrated as early as 28 days
after exposure of the pulp chamber and persisted for as long as 10
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months. Swellings developed near the apices of some teeth as early
as 24 days after their exposure and usually persisted for from 36 to
65 days. These measured from 0.5 to 1 cm. in diameter. In one
monkey, the swelling became very hard and remained so until the
termination of the experiment 10 months later, while in another
it was diffuse and involved the soft structures of the face. Aspirated
fluid from the more extensive swellings yielded a slight amount of
turbid fluid which contained bacteria morphologically resembling
those found in the oral cavity. Fistulae developed at the apices of
the roots and were first seen in the apical area of the tooth that had
been exposed to the oral cavity for 65 days. Two of them healed
completely after 10 to 30 days. Others persisted until the end of
the experiment, which was over 50 days. Three fistulae occurred
in the mandible and two in the maxilla. The pulp canals of two
teeth with swellings around the apex of their roots were sealed
tightly with a cement filling, but no apparent exacerbation of the
local lesion followed this procedure.
The 14 roots from the 12 unexposed control teeth were clinically,
roentgenologically, and histologically free of change. However,
three of these roots were bacteriologically positive. Streptococcus
viridans together with a staphylococcus was obtained from one
normal root apex of one monkey and an unidentified gram-negative
bacillus from two apices of another monkey. A similar gram-nega-
tive bacillus was also isolated from the liver and kidney of this
animal at post mortem.
In the 4 monkeys with known strains of Streptococcus viridans
sealed into pulp chambers, 9 (69 per cent) of the 13 teeth developed
histological changes at the apices of one or more of the roots. Of
the 15 (68 per cent) of the 22 roots that had histological changes
in the peri-apical tissues, abscesses occurred in 12, a cellular exudate
in 2, and a granuloma in 1. The pulp in the canals of these teeth
was either completely absent or consisted only of remnants of
necrotic connective tissue. The pulp was present in all the 7 root
canals without lesions in the peri-apical tissue. The pulp appeared
normal in 2, a cellular exudate was found in 4, and one showed a
superficial necrosis of the pulp connective tissue cells. The earliest
lesion demonstrated in the peri-apical tissues of these teeth appeared
in 17 days. The greatest length of time that a tooth of this kind
was under observation was 527 days.
Positive cultures were recovered from the pulp chambers of 10
653YALE JOURNAL OF BIOLOGY AND MEDICINE
(77 per cent) of the 13 teeth inoculated with Streptococcus viridans.
Streptococcus viridans was recovered from the pulp canals in 7 of
these teeth, Streptococcus hemolyticus from 1, and Bacillus coli
from 2. Ofthe 7 teeth containing Streptococcus viridans in the pulp
chambers, 5 were also positive in the peri-apical areas. Five teeth
remained free of growth around the peri-apical tissues, although
bacteria were obtained from their pulp chambers. As 15 of the 22
roots were cultured directly from the tissues of the apices of the
roots, they were considered representative of the peri-apical tissues.
Ofthese, 8 (53 percent) were positive for organisms. Of the 6 cul-
tures that were procured from the tissues a short distance from the
root apices, one was positive for an unidentified gram-negative bacil-
lus. Apical lesions were found in 6 of the 8 roots; 4 were abscesses
and 2 were cellular exudates. Of the 7 bacteriologically negative
teeth, 5 showed lesions in the peri-apical tissues, of which 3 were
abscesses, one a granuloma, and the other a polymorphonuclear
exudate. Streptococcus viridans was recovered from both the pulp
chamber and the apices of the roots of 2 teeth after an interval of
527 days had elapsed between the introduction of the organism into
the pulp chamber and the death of the animal.
The controls for this experiment consisted of 10 teeth, having
14 roots, that received a similar treatment except for the introduc-
tion of sterile saline instead of a suspension of organisms into the
pulp chamber. Two of these teeth developed abscesses at the end
of their roots. Streptococcus viridans and Streptococcus non-
hemolyticus were obtained from the pulp chambers of each tooth
while only one of the peri-apical areas contained Streptococcus uri-
dans, and the other remained free of growth. There were 3 other
peri-apical areas that were positive for bacteria, although no histo-
logical change was found. Streptococcus viridans was obtained from
one tooth and staphylococci from the other two. Four other teeth
that had not been operated upon during the life of the animal were
also used as controls. These were histologically, roentgenologi-
cally, and bacteriologically negative, both in the pulp canals and in
their peri-apical tissues. Cultures of the bone and bone-marrow
from the maxilla and mandible from two of the monkeys remained
sterile.
Of the 15 monkeys, only one showed a generalized clinical
manifestation of disease that might be related to the infected teeth.
There were 3 others, however, that developed, during the course
of the experiment, a progressive generalized tuberculosis.
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Usually, following each operative procedure, there was a slight
rise in temperature, a mild leukocytosis, and a slight increase in
sedimentation rate which lasted from 24 to 48 hours. Skin and
agglutination tests made with strains of Streptococcus viridans
obtained from the oral cavity, blood stream, and the teeth of mon-
keys were consistently negative in all animals.
The frequency of positive blood cultures, both pre-operatively
and postoperatively, is shown in Table 2.
TABLE 2
PER CENT FREQUENCY OF PRE-OPERATIVE AND POSTOPERATIVE BLOOD CULTURES
Time of obtaining Total No. of With growth
blood culture blood cultures No. %o
Pre-operative ....... 58 8 14
Postoperative ....... 318 60 19
The incidence of the different kinds of organisms isolated from
the blood'stream is given in Table 3.
TABLE 3
INCIDENCE OF DIFFERENT KINDS OF BACTERIA IN BLOOD CULTURES
- No. of positive
Kind of organism cultures
Staphylococci ................................................... 46
Streptococcus viridans .................. ................................. 12
Anaerobic cocco-bacillus.
Gram-negative cocci .
Diphtheroid .
Streptococcus non-hemolyticus.
Streptococcus hemolyticus.
Bacillus coli .
6
4
2
2
I
The positive blood cultures could not be related to the experi-
mental procedure on the teeth, except probably in the case of mon-
key No. 8, from which the unidentified anaerobic cocco-bacillus was
isolated. Streptococcus hemolyticus was isolated once from the
blood stream of one of the monkeys and again recovered from the
apices of two teeth of this same animal post mortem three weeks
later. It was also found in large numbers in the oral flora of this
monkey.
Gross and histological examination of the visoera, alimentary
tract, joints, and nervous system showed no changes that could be
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related in any way to the infection produced in the teeth. Post-
mortem blood cultures remained sterile, but Streptococcus viridans
was cultivated from the tissues ofthe liverand kidneys in 5 monkeys.
These strains could not be identified in culture as similar to those
found in the oral cavity or in the peri-apical tissues. Cultures made
from the joints and in a few instances from the skeletal muscles
remained free of bacterial growth.
The findings in one animal that developed a generalized systemic
infection are of sufficient interest to be presented in detail.
Protocol: Monkey No. 8.
This animal was subjected to three separate operative procedures on the
teeth. The first operation, on February 7, 1933, consisted of introducing a
suspension of Streptococcus viridans into the previously prepared pulp cham-
bers of two lower left molar teeth and an equal volume of sterile saline into
the chambers of the two similarly prepared right lower molar teeth.The post-
operative course of the monkey was not unusual. During the following
three months, 20 blood cultures were taken, of which 7 were positive, o
for staphylococci and one for Streptococcus virdans. These positive blood
cultures did not occur consecutively nor were they related to any recognized
clinical change in the animal. The second operation on May 16, 1933,
consisted of the introduction of a suspension of another strain of Streptococ-
cus vsridans into the pulp chamber of the first right incisor of the maxilla.
The first left incisor of the maxilla received sterile saline. No changes of
clinical significance were observed in the laboratory tests within 6 months
following this operation. Of 12 blood cultures taken within this period, only
3 were positive, Streptococcus viridans being obtained in one, and staphy-
lococci and diphtheroids together in two other cultures. Roentgenological
examination of the infected teeth revealed radiolucent areas at their apices 75
to 100 days after the sealing of the organisms into the pulp chamber. Tlhe
control teeth, on the other hand, showed no evidence of radiographic change.
At the third operation on November 21, 1933, the pulp chambers of the
second right incisor and of the first and second right molars of the maxilla
were exposed to the oral cavity. The clinical course of the animal was un-
eventful during the next 60 days. Four blood cultures remained sterile.
It was impossible to follow roentgenologically the changes at the roots of
these teeth because of the anatomical structure of the monkey maxilla. How-
ever, on the 65th day following the exposure of the teeth, the temDerature
rose to 1040 F., and a leukocytosis of 15,000, with 68 per cent polymor-
phonuclear leukocytes, was observed. The following day a diffuse swelling
was noted in the right maxilla extending to the temporal, parietal, and frontal
remions of the head. The lids of the right eye became edematous and three
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or four fistulous openings developed over the malar bone (Fig.5),from which
from 3 to 10 cc. of thick pus were easily expressed. During the next month
several other fistulae appeared over the parietal and frontal regions. A bony
sequestrum measuring 1.5x0.3x0.3 cm. was removed from one of the fistulae.
Stains of the pus revealed many gram-positive cocci in short chains and
clumps, and many small gram-negative bacilli. Spirochetes and numerous
fusiform baccilli were demonstrated by special stain (Fig. 7). Streptococcus
%uridans, gram-negative cocci, diphtheroids, and staphylococci were culntvated
from the pus. An unidentified cocco-bacillus predominated in the anaerobic
cultures of this pus, and a similar organism was isolated from 6 of the 12
blood cultures taken during this acute phase of the infection. Blood-sedimen-
tation rate rose from 3 to 37 mm. during the illness of the monkey and
gradually returned to normal within one month. The only significant
clinical finding in the teeth at the time of this exacerbation was the moderate
degree of looseness of the first and second molars of the right maxilla. The
swelling of the face remained for two months and gradually decreased, and
in the same period the elevated temperature, blood counts, sedimentation
rate, etc. returned to pre-operative levels. Six blood cultures obtained after
the return of the clinical signs to the pre-operative level remained free of
growth. On July 19, 1934, the experiment was terminated.
Postmortem examination revealed an extensive chronic osteomyelitis in-
volving the right maxillary, temporal, and parietal bones. The dura was
firmly adherent over these areas, but there was no evidence of extension
into the meninges. The air sinuses of the skull, including the right maxillary
sinus, were entirely free of infection. Viscera, joints, and long bones were
not remarkable. Postmortem culture of the heart blood, viscera, and joints
remained free of growth. The findings in the pulp chambers and peri-apical
tissues of the teeth are shown in Table 4.
Pus recovered from the draining fistulae of the cheek killed mice within
24 to 48 hours after intraperitoneal inoculations of 0.5 to 1 cc. Subcutane-
ous inoculations of pus into guinea-pigs produced a localized abscess at the
site of inoculation that healed within 6 to 10 days. Gram stains and cultures
of the peritoneal fluid and heart blood of the mice usually showed several
kinds of organisms. An unidentified cocco-bacillus similar to the one found
in the pus and blood cultures of the monkey, as well as several other kinds of
organisms, were recovered from the mice and guinea-pigs. Fusiform bacilli
and spirochetes could not be grown from these animals, although fusiform
bacilli were demonstrated in the pus from the guinea-pigs. Freshly isolated
strains of Streptococcus viridans obtained from this monkey were reinserted
into pulp chambers of teeth in two other monkeys, but the usual apical lesions
developed. Even when the pus was introduced into the pulp chamber of a
tooth, only a small localized lesion followed.
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TABLE 4
BACTERIOLOGY AND HISTOLOGY OF TEETH FROM MONKEY NO. 8
Exptl. Tooth and
procedure root8
Upper rt. 1st
incisor
Lower It. Ist
Viridans molar
sealed Mesial
in pulp Distal
chamber
Lower It. 2nd
molar
Mesial
Distal
Saline
sealed
in pulp
chamber
Upper rt. 1st
incisor
Lower rt. 1st
molar
Mesial
Distal
Lower rt. 2nd
molar
Mesial
L Distal
Cultures at post mortem
Pulp Apex
No growth
Viridans
Viridans
No growth
No growth
No growth
Cult. not
from apex
Viridans
No growth
No growth
Viridans
Staph.
Viridans
No growth
Viridans
No growth
Histologa
Pulp Apex
Necrosis No change
Absent
Absent
Necrosis
Hyperemia
Fibrosis
Absc. (Fig. 6)
Cell. exud.
Absc.
Absc.
No change
No change
No change
No change
No change
Pulp
exposed
to oral
cavity
Lower lt. 1st
incisor
Upper rt. 1st
molar
Mesial
Distal
Lateral
Upper rt. 2nd
molar
Mesial
Distal
Lateral
Upper rt. 2nd
incisor
Lower rt. 2nd
incisor
Normal Upper It. Ist
teh molar teeth Upper It. 2nd
molar
Maxillary sinus
Discussion
These experiments indicate the desirability of determining the
significance of the bacteriotogical findings in relation to the etiology
of the apical lesions of the teeth. The organisms obtained from the
teeth are known to be common inhabitants of the mouth and
undoubtedly gained entrance to the peri-apical tissues by way of the
exposed pulp canals. Bacteria, however, were occasionally demon-
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No growth
No growth
No growth
No growth
No growth
Staph.
Viridans
Viridans,
hemolyticus,
and Staph.
No growth
Viridans
No growth
Absent
Absent
Absent
Absent
No change
No change
No change
Absc.
Absc.
Cell. exud.
Cell. exud.
Cell. exud.
Absc.
Cell. exud.
Absc.
Cell. exud.
No change
No change
No change
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strated in th'e histologically unchanged tissues of apparently normal
teeth of the monkeys. Some of these positive cultures undoubtedly
were localizations fromtheblood stream. Burn and Burket2 showed
that 10 per cent of positive cultures of human teeth at necropsy
probably had this origin. Weisberger4 caused bacteria to localize
in teeth from the blood stream in hypersensitive animals by means
of a non-specific inflammatory reaction. All of this evidence
increases the difficulty of understanding the high incidence of nega-
tive cultures from the apical areas of carious teeth. It was believed,
at first, that the small quantities of the tissues obtained contributed
to the negative bacteriological findings. Further sampling of other
similar types of histologically changed teeth, in which most of the
tissue around the apex and also the true apex of the tooth were
removed for culture, remained persistently negative for bacterial
growth. Most of these lesions were several months old before they
wereexamined bacteriologically. Even the dosing of the pulp canal
in a few instances, by a cement filling, failed to bring about any
acute exacerbation of a local apical lesion. It would seem, there-
fore, that in the monkeys some of the apical lesions that are roent-
genologically and histologically positive apparently do not contain
very highly pathogenic organisms.
Since Streptococcus viridans is the organism commonly isolated
from the teeth, it is essential to study its possible etiological rela-
tionship to the local lesion. Theliterature dealing with the bacterial
flora ofclinically extracted tbeeth reports the occurrence of this organ-
ism in from 30 to 100 per cent of the teeth cultured. Study of the
teeth of man at post mortem and in these experimental animals also
showed a high incidence of Streptococcus viridans around the apices
of the teeth. However, organisms were usually recovered in small
numbers and consisted of a wide variety of strains. This suggested
that they might be secondary invaders capable of surviving in such
an environment.
It is not surprising, therefore, that systemic changes were not
demonstrated in these animals, except in the one that developed an
extensive cellulitis and osteomyelitis of the face and skull, and here
there was a mixed bacterial infection. While these experiments seem
to lend support to the recent critical review of the subject by Rei-
mann and Havens,3 the results must not be construed to mean that
apical infection of teeth is of little importance in relation to systemic
disease. They only form the basis for further investigations, includ-
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ingthe development and etiology of the local lesions ofthe teeth and
their influence on systemic disease when the experimental animals
are subjected to aging, immunological influences, and environmental
and dietary changes.
Summary
1. Experimental lesions of the teeth produced by exposure of
the pulp canal or by introducing known bacterial strains in the pulp
chambers of monkeys are indistinguishable from those found in man.
2. Of 56 teeth, 75 per cent showed changes at the apices when
the pulp canal was exposed to the oral cavity. Of the 98 roots, 67
per cent showed lesions. These induded a polymorphonudear exu-
date in 34 per cent, abscesses in 57 per cent, and granulomas in 7 per
cent. More chronic lesions, such as cysts, were demonstrated in 5
teeth, fistulae occurred in 4, and polypi of the nares or maxillary
sinus were found 3 times. In 70 per cent of 93 teeth the pulp, when
examined histologically, was found to be either necrotic or com-
pletely absent. Acute and chronic pulpitis occurred in 25 per cent
and pulp abscesses in 5 per cent. Peri-apical lesions did not develop
at the end of roots which showed a chronic pulpitis.
3. Positive bacteriological cultures were obtained in 59 per
cent of 47 exposed teeth. In 58 per cent of the roots bacteria
were demonstrable, and 17 per cent of the bacteriologically positive
roots showed no histological change in the apical tissues. Of the
25 roots from which no bacteria could be grown 76 per cent showed
lesions attheirapices.
4. Roentgenograms were positive in 50 per cent of the 54 teeth
examined. Of 93 roots, 36 per cent showed radiolucent areas.
More than 50 per cent ofthe 60 radiologically negative roots showed
lesions histologically. The high incidence of radiologically negative
teeth was due to the technical difficulty of obtaining satisfactory
examinations ofthe posteriorteeth.
5. Evidence of clinical change was noted in many of the teeth;
20 showed slight mobility, 11 buccal or lingual swellings, 5 fistulae,
and 2 displacements.
6. Controls, consisting of 16 teeth with 18 roots, remained
clinically, roentgenologically, and histologically free of change.
Three roots from two teeth yielded bacterial growth.
7. In 13 teeth with 22 roots in which Streptococcus viridans
had been sealed in the pulp canal, histological changes were found
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in 9 teeth (69 per cent) and 15 roots (68 per cent). Abscesses were
demonstrated in 12 roots, cellular exudate in 2, and a granuloma in
one. The pulp was absent in 15 root canals and present in 7. Of
13 teeth, 77 per cent were positive for bacterial growth in the apical
area. Likewise, 77 per cent of the pulp chambers showed evidence
of bacteria. All pulps were positive for Streptococcus viridans, one
for Streptococcus hemolyticus, and two for Bacillus coli. Five apices
of the 10 roots showed the presence of Streptococcus viridans.
8. Two of the 10 control teeth in which sterile saline had been
introduced into the pulp chamber developed apical root abscesses.
Streptococcus viridans was obtained from the pulp of both. Bone-
marrow cultures taken from the mandible ormaxillaremained sterile.
9. Only one of the 15 monkeys showed systemic changes asso-
ciated with the experimentally infected teeth. This animal had an
extensive cellulitis and osteomyelitis.
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FIG. 1. Monkey 13. Apex of miesial root of lower right second molar showing granulomatous lesion. Epithelial proliferation around border of granuloma. X 60.
FIG. 2. Monkey 13. External fistula from-i apex of infected root. ' X 10.
FIG. 3. Monkey 12. Upper right first incisor. Granulomna at apex of root with a polypoid exten-
sion into nares. X 25.
FIG. 4. Monkey 10. Chronic pulpitis. x 70.FIG. 5. Monkey 8. Showing swelling of face and several external fistulae.
FIG. 6. Monkey 8. Apex of distal root of upper right second molar showing extensive suppuration.
FiG. 7. Monkey 8. Bacterial flora of pus obtained from external fistulae.
W.